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CttCUTT MKMOKr of tf£d^££^ »«*«»>•«■••«•. For tb. pur . 

poM of tfiu description. tn« lourc. tod diuin ei«tr~c. .k-i, 

BACKGROUND OF THE INVENTION 3 i^^"«»^.^^-tcnwnU.Tl»TSoTS^ 

2. Prior Art 21_M^,£r^^i!L ? Oct. 1969, P,,,, 

ta.d fo, tbo r«d„, and writrn, fooim 0 f lb. cell, of .« MOS d~ic u wrneST,. «£. -2mm^ *"* 
order thai 0017 • untie one efttwM functaon a nbrctod. ThU •>'■<" pourv* or nuiuv* ZC^i^rl- -LTt ^ T 

SUMMARY OF THE INVENTION ,„ ^^^r'??!'"""'^ Tho qbH a »d»t>uMc far UM 



«r ineinTcniivn ■ ^ w • r«VKiofrp»*cca» memory Ctfesh vhtie th« e*n 

An MO$ c«U for om m i naooa^m mugnud circuit 10 "»<teliu 11, rud dtuLi^^ 



— • inumia circuit — — mh« rwi otu tnw ~™ 

memor, . dacloiod. T», cell t> uulnrd a i memory h»»in f tt "•"rooo line 24 of A. memory circuit. In the circuit of FIG 

fee. ..kef-rnd lioe. wrn. d.u Br^ re* d^ h»«. Th™ » »«4 °»« of it, oU*r r^> mnMlnat , " £f 

MOS dc.^r tn 8t)lil ^ in the cell. The (In. MOS devicVh^ « ™ « ia ^< ™ 

Z'^n 0 "^ " 1 « J «'-"il« lm. ,nd rilot ,h» ,-rput 2*'*"" «*» M of MOS drnco U. MOS d.*. IS toon, 
.» uored. Tho easiaunc. compnm the Mrssbc ctB^aunc, ? m •*« two »»«>»»ta eouphw to MOS device U Mos 

e.U u <U..loped. The (bird MOS davie. he* i J^u coVpuJ *«.P"»Wc c^eounc. M^wTtSbMOS fata 

!o .he »Je«.rc«) Ite. and »J)o M ^ wrtd d4» ^ c£2erf "r 4 " MOS dencm 

to the rc.ddtt.li.. when h .pplW to m. wkd.^ u . ^ "^<»rniKw n into the «U of FK;. ] a „ al 

B.UEFoesaun.ONormD.Awmcs pf^Z^r, 

FIC. I ilhjirrate, . pr«,r M »up,»d .bxoi^ r»do»^c. 27^ T^"^.!!,"^ to ' 14 t>orm| ti, re.d c,ek. Ho. 
c«i «. m ,ry e*ll «hieh utUita apicliuc, «on«; t J**?*' » • pf^tenrmiud level „d m, 

FIC. 2 IUu M r..e> .n MOS r.rtom.««ZSi rt e^gj, t0 T"^*^'^ (Tb. pr«b«,i«, of the rud 

mud in PIO. J:»nd. . »» » » MOS devm IS ii coodveun,. MOS devie. IS 

d^2J i^nr"." I" 1 of *• «0 '» 'S^5^tt' aiht * ' '«* fa "'>' »""d o. 

wwnhed m nC.S »mai common or (round Him i. .tO. TtTi-Lii.. „ 

•»> Tb. iahvinl probLm win, thU oeU t, thet th. , m piit ude of 

tbe titflil apontd to lia. 22 dun. tb. re*d cvcl/munM 
DETAILED DESCRIPTION OF THE INVENTION 2^ 11 C8B « U * d - P«u«.pta.5 too Ut,, .«, fl »j"^ 

l» rh. p r , Uv. fllio .. . d,n»n,ic „orM. col, U d D cic«d 10 K ^e^e^'^^l^ ,0 10 ""^ 

rrisr .^^^^.^ „ ^Tovr^ »■ ^ 

r^SVorTdT^^^^^ ^"s^^^tbT^^ 

1969. b. Bunco *. TurT .n ^ pr^Zc^t ^ *° r^olS ^t^^ M ° S ••»'« 3 ' 

wiil t>< oovioui to on. tkUed in the.,. .h!?!^1J?-_ " iJ* °* h *' "T™"" 11 51 ""P 1 ** «• «■ Tb. other of iB 

«dr.»rit 1 «,i„,o,h,e.li; •yeereclrcMhted *| MOS devie. 41 .bieb b» , 34 «d r»c- 

l b« MOS rodon-acc*^ taMMUni circuit m<n»r. «u, ^^^2 T °!I if ltt 0,,te, "'""^ coupW to 

IMIS) «., mouUo.id.^m^ondoctor ( MOS) dlt^e^T ^! !tl IT"^ °' *•"«« 41 "OS d«vic* 42 which 

d.v.ee..^Ch^t«rll»f^^«drrcAj«tp^c— " ^.f eommonl, kno^, pbotot.brie.tion 
<yp. ....eon «b«,.u „d « rt .r- . n «. d»rn JTZn H J ^2^?S* *" ^OTSBf ?'« ' 
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developed on • single substrate to form a 

memory circuit, Each additional row of ceUt requires another 
pair of select lines, and each additional column of ctlU 
requires another pair of data tines. 

To wriu or to store, information on the etU of FK3. a. the 
data to be stored it placed on the wine dau line 43 and a I Is 
applied to eclect write line 4S. When this occur*, chart* from 
line 43 win flow through terminal 32 oato capacitor 34 smce 
MOS device 30 b conducting 

Information may be read from the colli in two different 
method*. In the ftnrt method, line 44 a held at ground and the 
write dau tine 43 la preeherged to a I . A 1 la epphed to the 
•elect read line 44. If e charge has been previously stored on 
capacitor 34. the write' ime 43 Is then discharged, since both 
MOS devices 41 and 43 will conduct. If no charge aim on 
capacitor 34, MOS device 41 win sot conduct and BO Charge 
is removed from the wntt dau line 43. Note that the invert* 
of the dau stored on capacitor 34 is tensed by this method. At 
previously mentioned, this dau. when read from the cell, may jo 
be applied to A refresh iampliner. This refresh amplifier must 
invert tha dau and replace it on the write dau tine 43 where it 
may be rewritten mt© the cell. 

Secondly, the dau may be read from the cell by prechnrpng 
Hut 44 to ground, the r< > placing a I on the wrne Oau line 43 23 
and a I on the select read Una 46. If a charge is stored on 
capacitor 34. it may be! sensed on line 44 since MOS device* 
41 end 44 will conduct and line 44 will be charged, tf no 
charge is stored en capacitor 34. line 44 will not be charted 
since MOS device 41 win not conduct Once again, the signal *° 
read on Ime 44 may be recirculated and replaced on capacitor 
34. The second method Of reading information from the cafl of 
FIO. 3 does not require the sclect*read Ime 44 to be complete- 
ly returned to a tero or, no signal level before the wriu cycle 
begins. 

PtC. 3 Illustrate* an alternate embodiment of the circuit il- 
lustrated in FIG. 3 and where the cell U coupled to select* wrne 
Him 45. select-read line! 44. wriu dau line 43, and read data 
Una 44. This ceil again otiHies three MOS devices 50, 61 and ^ 
63. The gate S3 of MOS device 50 is coupled to line 45 and 
one of Its Other terminals 54 is coupled to line 43. The other of 
la other urminab is coupled to capacitor 54 and the gaU 57 
of MOS device 51. One of the other icrmraaU St of the MOS 
device is coupled to line 43 and tht other of the other car- 
mrnali is coupled to one of the other term man of the MOS 
device 53. The gate 43 oT MOS device 53 is coupled to line 45 
and the other term in si 1 61 of the other terminals of MOS 
device 53 ft coupled to line 44. Once sgain, the capacitor 56 
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With the embodiment of (he invention Qlustraud In FTC 4 
dau >s written into the cell by placing a I on seJecwwrite Kne 
•3 and by applying the data to tht write deu line SO. The I on 
line S3 which is applied to the gate T3 of MOS device 70 will 
cause the device to conduct and allow the dau to be written 
onto capacitor 7S. To read information from the cell, tht read 
data line 63 is p recharged to a I and a l is applied to the 
aelect-«ead line 64. The line 63 win sense the tonne of the 
deu stored on capacitor 75. If a 1 is stored on capacitor 75, 
the charge on Kne 63 wffl discharge through ground line SI 
stnee MOS devices 7 1 and 73 will conduct If no charge exists 
on csyecttor 76. then the nrocharge win remain on Una 83 
sinc e MPS device 71 will not conduct Thn em bod no en t of 
the present invention allows exceptionally fast reading and 
writing. 

Thus, a random-acccss memory ceD comprising an hv 
tetraied circuit which utilize* MOS devices hat bean dis- 
closed. Separau scJeewwriu. select- read, wriu dau. and read 
dau lines are uiiHzcd. thereby aikrwmg the cell to be 
somewhat insensitive to tha signal teveJi applied to these Unas. 

IcUim: 

1. A ceO for an MOS t»odom*s*ceea mugrated circuit 
memory which utilises at least a separau select-read, select- 
write, write, and read tines comprising: 

a capecttor adaptable for storing an electrical charge; 

a first MOS device coupled to said select- write Ime. said 
write tine and said capacitor for aOowmg a current to flow 
between said capacitor and said wriu hoe when e 
prod curtained signal is applied to said select -wrue Una; 

a second MOS device coupled to said capacitor, said select* 
rend Hne and said read line for allowing a current to flow 
through said device when said capacitor is charged; and 

a third MOS device coupled to said capacitor, said second 
MOS device and said select-read Una for allowing g cur- 
rent to flow through said device when a predetermined 
signal is applied to said telect-read line; 

wnereby a bit of information may be selectively stored or 
written onto said capacitor and selectively read from said 
capacitor. 

2. The can defined in claim 1 wherein said first and second 
MOS devices ere connected to one another and said capachor 
* Parasitic capacitance between said connection and a 
snberrmu supporting the cell. 

3. The ceil defined in claim 2 wherein said substrate is an N- 
type stfteon and said devices are a P-chaanet enhancement 
mode MOS-FET devices. 

4. A celt for an MOS random -access inugraud circuit 
ory which utilizes a separau select-read, select.writt. 



may be the parasroc capacitance inherent between MOS 50 read dau and wnu dau lines comprising: 
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devices 50 and 51 and the substrata. The construction and 
metnod of operation of ithe embodiment of the memory cell 
disclosed in FIG. 3 may : be the tame as the comtrccoon and 
method of operation or the cell previously described in con- 
junction with FIG. 2 

HO. 4 illosnaus still another embodiment of the present in- 
vention wherein a common line or ground line II is utiKtsd. 
The cell (ihmreud in FIG. 4 is coupled to the select -write line 
63. the select-read line 64. the wriu dau line 60 and (he read 
dau line 82. MOS device 70 which performs the same func- 
tion as MOS devices 50 and 30 of FIGS. 3 and 2. respectively, 
and has its gau termmeJ 73 coupled to Hne 63. One of its other 
term ma Is 74 is coupled to bnc 60 and the other of its other ur. 
minaU is coupled to capacitor 75 end the gate 7" of MOS gj 
device 71. One of the other term malt of the MOS device 71 is 
coupled to tine 81 while the other of the other terminals of* the 
device b coupled to one of the terminals of the MOS device 
73. The other terminal 77 of the terminals of the MOS device 
72 Is coupled to line 63; the gate 78 of the MOS device 72 is 70 
coupled to line 64. Tha capacitance 75 may again be the In- 
herent parasitic cepactUnce berween MOS devices 70 and 71 
and the substrate upon which the cell it developed. The con- 
strue uon of the cell illustrated in FIG. 4 may be similar to the 
construction of the cell illustrated in FIG. 2. 75 



a capacitor adapubie Tor storing an ekctric*J charge; 
a ftrst MOS device having a gau and at least two other Ur« 
minab, said gnu tend coupled to said select- wriu Ime, 
one of said other terminals coupled to said wriu dau Uns 
and the other of said other urmiaab coupled to said 
capacitor; 

a second MOS device having a gau and at least two other 
urminab. said gau coupled to said capacitor, one of said 
other urminab coupled to said read dau Ime; and, 

a third MOS device having a gau and at least two other tat- 
e&Jnals. said gau cow pied to said select-read hne. one of 
said other urminab being coupled to said write dau line 
and tha other of said other term I nab coupled to the other 
of said other terminals of said second MOS device. 

5. The cell defined ia dairo 3 wherein said other of said 
other urminab of said first MOS device a corrected to saW 
gnu of uid second MOS device end said capacitor is the 
parasitic eapaciuncc berween said connection and a substrate 
supporting said cell. 

6. The cell defined m claim 5 wherein said -utit:,U, «a N« 
type silicon and said devices are a P<henr*eJ enhancement 
mode MOS-FET devices. 

7. A cell for an MOS random-access integrated circuit 
memory which utilises a separau select-read, select-writs, 
wnu data and read data lines compming: 
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i cepecnor adaptable for noting to electrical charge; . 

• flm MOS device having • *au and at least two other tor- 
minaia, aid gate iiermmaJ coupled to said select-write 
Um. on* of said othar UrrniaaU eoopitd to Hid wrtte d«u 
Una and (be other of said olhtr terra inah counted to said 5 
capacitor 

, • second MOS device havng a gate end at tea* two ochcr 
tcrmfcnek. and fate terminal coupled io said capacitor 
and one of said otba/ tcrmiaab coupled to Mid write dau 
tana; and < 10 

a third MOS device having at lean a fata and tvo otter ter- 
'Urinals, taid gat* terminal being coupled to said select. 
* read .tine, one of said odier terminal* being coupled to 
said read data lino and the other of said other terminals 
being coupled to the other of said oiher terminals of said 15 
second MOS device. 
•. The caU denned In claim 7 wherein said other of said 
other terminals of said rim MOS device b connected to taid 
gate of said second MOS device and said capacitor a the 
parasitic capacitance between said connection and a substrate 20 
supporting the cell. J 

9. The cell defined In claim I wherein said substrate ban M* 
type silicon and said devices are a P<hannet enhancement 
mode MOS-FBT devicci. 

10. .A. ceil for an MOS random -access integrated circuit 25 
memory which alt) tecs, a separate seleevraad. select- write, 



data, write data and common fates cotaprttrcg: 
e enp e r it o r adspabte for storing en ekctrtcsl charge: 
a first MOS device having a gate and at least two other tar. 

•caais. aw* gate tanoinei counted to said teiect-wrtu 

l^.oneofaajdotn^temmaiscou^ 

capacitor. ■ 

MOS device having a geta and at least two other 
X said gate terminal coupied to said capacitor 
o/aaid ether terminal* coupled to said < 



a third MOS device having at leoai a gam and two other ter- 
aUnah. said gate tervdaal coupled to said sekcwaad Rne 
one of said other tertneaah coupled to said read data line 
aad the other of said other terwunab coupled to said othar 
of said other terminals of said second MOS device. 
11. TnaceJ) defined taretafan 10 wherein said other of said 
other terra inah of said tint MOS device is connected to said 
gam of said second MOS device and said capacitor U the 
poraaitk capacitance between said connection and a nbstraie 
supporting thacert . 

IX The-ceJJ defined in daim 11 wherein said eubstrasa is an 
N-t*pe silicon and said oovicec are P<hannef eahaoctment 
mode M05-FET devices. 
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j Notict of Adrnn Dtdrion in Interface 
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